2
The colouration of some traits in nestlings of altricial birds may influence parental food 19 allocation as it may reflect physical condition or hunger. There is increasing evidence of 20 the relationship between colouration of begging traits and nestling performance. 21
However, evidence of the influence of hunger level on nestling colouration is scarce, 22 mainly because of difficulty of distinguishing between the effects of physical condition 23 and hunger levels. Here, we used the appetite stimulant cyproheptadine hydrochloride to 24 increase the sensation of hunger of magpie (Pica pica) nestlings for eight days and 25 assessed the effect on the colouration of rictal flanges, mouth and body skin. We found 26 that nestlings administered with cyproheptadine had flanges more conspicuous 27 (chromatic visual contrast), more UV coloured and less yellow coloured than their 28 control nestmates. Conversely, mouths of experimental nestlings were more yellow 29 coloured and less UV coloured than controls. Our pharmacological experiment affected 30 the strength of the relationship between body mass and some colour components of 31 body skin (chromatic and achromatic visual contrasts, UV-chroma and Yellow-32
Offspring of species with parental care are selected to demand a greater share of 41 resources than the parents are selected to provide (Trivers 1974 ). This parent-offspring 42 conflict, together with sibling competition for parental care, provokes coevolutionary 43 processes selecting conspicuous morphological and behavioural traits that affect 44 parental investment (Godfray 1995, Mock and Parker 1997) . This is because parents 45 might adaptively adjust their feeding effort to maximize their own fitness payoff (e.g. On the other hand, nestling gapes of canaries (Serinus canaria, Kilner 1997) and 72 other seed-regurgitating finches (Kilner and Davies 1998) experience a 'red flush' at the 73 start of begging that become more intense with increasing food deprivation, which 74 would inform the parents about the recent feeding history of their nestlings. Similarly, 75
Jacob and Heeb (2013) have found that colouration of rictal flanges changed in response 76 to food deprivation in nestlings of European starling (Sturnus vulgaris). 77
The main signalling functions of colouration of begging-related traits of nestlings 78 would therefore seem to reliably reflect the phenotypic quality, the level of food 79 deprivation (i.e. the level of hunger), or both. Nonetheless, evidence of a relationship 80 between nestling colouration and the extent of food deprivation does not appear in all 81 studied species (see e.g. Kilner and Davies 1998 , Clotfelter et al. 2003 , Saino et al. 82 2003 , de Ayala et al. 2007 , Wegrzyn 2013 ). This lack of support in some species could 83 be due to interspecies variation, either in physiological mechanisms governing 84 nutritional stress (i.e. with or without mouth 'red flush'), or in the duration of 85 experimental deprivation needed to detect changes of colouration. However, it is also 86 possible that the colouration of begging-related traits has not evolved in all species as a 87 hunger signal. Moreover, the extent of food deprivation could affect nestling condition 88 and vice versa. For instance, nestlings that experience long periods of food deprivation 89 could develop poorer body condition, while those in better body condition would on 90 average experience a lower level of hunger (see e.g. Clark 2002, for a detailed review of 91 the concept and the factors affecting hunger in the short and long-term). Consequently, 92 it is possible that the commonly detected relationship between colouration of begging-93 related traits and condition was partially mediated by the effects of food deprivation on 94 colouration of such traits. Disentangling the effects of hunger and body condition would 95 be important for identifying the prime cause of variation in solicitation signals of The main aim of this article is to determine the type of information conveyed by 99 6 and estimating visual contrasts following the opponency model of Vorobyev and Osorio 116 (1998) developed for the tetrachromatic visual system of birds. 117
Since colouration of nestling traits involved in parent-offspring communication 118 (i.e. gapes, rictal flanges and body skin) may convey information about hunger and/or 119 condition of nestlings (H1, Figure 1 ), we predict an effect of the experimental treatment 120 with cyproheptadine on colouration of such traits (P1, Figure 1 ). Additionally, as we 121 expect that the experimental treatment would alter the association between hunger 122 sensation and condition of experimental nestlings, we try to discern the type of 123 information (hunger level vs. physical condition) conveyed by the colouration of each 124 begging-related trait. This is achieved by including nestling body mass (as a proxy for 125 physical condition) in our analyses and exploring the association between body mass 126 and colouration of each nestling trait for experimental and control nestlings (see Figure  127 1). If hunger level is the responsible for the commonly detected association between 128 condition and trait colouration (H2, Figure 1 mineral water. After the first dose (at first weighing, 2-4 days old), we revisited the 150 nests every two days to recolour the tarsi, weigh the nestlings and dose them with 151 cyproheptadine or water. Surviving nestlings (see below) received the treatment with 152 cyproheptadine or water on five alternate days i.e. until they were 10-12 days old. 153 154
Colour measurements 155
Nestling colour patterns were characterized by measuring the spectral 156 reflectance (300nm to 700nm) of three different traits: mouth (gape or palate), rictal 157 flange and body skin. This was done using the procedures and equipment described in 158 Avilés et al. (2008) . 159
Reflectance of nestling traits was measured twice during their growth, at the 160 beginning and end of the treatment with cyproheptadine, i.e. at 2-4 and 10-12 days old. 161
All measurements were repeated three times and, since high repeatability has been 162 previously demonstrated for this kind of measurements (e.g. Avilés and Soler 2009), we 163 used mean values in our analyses. Afterwards, we corrected the individual average 164 spectra by a triangular smoothing (i.e. a floating mean with weights) with a triangular 165 distance of 10nm as performed by AVICOL v5 software (Gomez 2006) (Figure 2 ). 166
The black-billed magpie builds characteristic large domed nests from twigs lined 167 with mud and vegetation (Birkhead 1991) . The nest dome drastically reduces the light 168 inside the nest and thus affects the perceptual processes involved in detection of visual 169
cues (Avilés et al. 2015) . In order to take into account the characteristic light 170 environment inside the magpie nests, we measured the irradiance in 10 active magpie 171 nests that were not used in this study. Measurements were performed between March 172 and April of 2009, and between 09:00am and 11:00am in a close magpie population, developed for the tetrachromatic visual system of birds in its log form (Vorobyev et al. 190 1998) as implemented in AVICOL v5 software (Gomez 2006 
Sample sizes and ethical considerations 251
We started our study with a sample size of 142 nestlings from 29 different magpie 252 nests, but the final sample size was 96 nestlings from 25 nests with data for both 253 colouration and weight. This decrease in sample size was because one brood (of 4 254 nestling) was depredated during the experiment, and we did not use data from three 255 nests where at least one experimental and one control nestling did not survive until the 256 final dose (16 nestlings). Moreover, from 122 hatched nestlings in the 25 magpie nests 257 included in the analyses, 24 starved during the study, one was not weighed after 258 treatment, and the colour measurements of another nestling were not saved. 259
Magpie territories are located in a rural area routinely used by farmers and 260 shepherds so our nest visiting did not cause additional disturbance to the magpie pairs. 261
Cyproheptadine is a drug widely used as an appetite enhancer for both humans (e.g. 
Effect of experimental treatment on colouration of begging-related traits 278
Before experimental treatment with cyproheptadine (i.e. when nestlings were 2-4 279 days old), nestlings assigned to the control and experimental groups did not differ in 280 chromatic or achromatic visual contrasts of all measured traits (treatment effect: 0.19 < 281 P < 0.82, data from surviving nestlings that eventually died during development were 282 included in these analyses (see Methods)). Nonetheless, at the end of the experiment 283 (10-12 days after hatching), the nestlings with an experimentally increased hunger level 284 during growing showed flanges chromatically more conspicuous (relative to nest 285 background) than those of their control nestmates (treatment effect in Table 1 ). We did 286 not detect a significant effect of experimental treatment for achromatic contrasts for 287 rictal flanges, and for chromatic or achromatic contrasts of further measured nestling 288 traits (treatment effects in Table 1 ). 289
Regarding colour components, we found that flanges of experimental nestlings 290 had greater values of UV-chroma (LM, treatment effect: F 1, 92 = 4.98, P = 0.028) and 291 smaller values of Yellow-chroma (LM, treatment effect: F 1,92 = 4.02, P = 0.048) than 292 their control nestmates. Instead, gapes of experimental nestlings had less UV-chroma 293 (LM, treatment effect: F 1, 92 = 4.25, P = 0.042) and more Yellow-chroma (LM, treatment 294 effect: F 1, 92 = 5.39, P = 0.02) than controls. We did not find differences for any colour 295 components of body skin, and for UV-Brightness and Yellow-Brightness of rictal 296 flanges and gapes (results not shown). 297 298
Effect of experimental treatment on the gain of body mass 299
Contrary to the expected (i.e. a greater food ingest for experimental nestlings (see 300 introduction)), our experimental treatment with cyproheptadine had no effect on the 301 increase of body mass in nestlings from 2-4 days until 10-12 days after hatching (LMM, 302 interaction between nestling age and treatment: HPD 95% confidence interval: -1.87 to 303 1.81 mg/hour, P = 0.93). 304 305
Experimental effects on the relationships between colouration of begging-related 306 traits and body mass 307
We found statistically significant relationships between body mass and the 308 chromatic and achromatic contrasts for both rictal flanges and body skin (Table 1) . 309 Furthermore, in the case of body skin, these relationships differed between control and 310 experimental nestlings (interaction terms between treatment and body mass, Table 1 ). 311
When exploring the relationships between body mass and colouration of body 312
skin and rictal flanges separately for control and experimental nestlings, we found that appeared for the control group only (Figure 3 , and interaction term in Table 2 ). The rest 315 of contrasts (chromatic and achromatic contrasts of rictal flanges, and achromatic 316 contrasts of body skin) were negatively related with body mass only in experimental 317 nestlings (see Figure 3) . 318
TABLE 1 AND FIGURE 3 ABOUT HERE OR NEARBY 320 321
The results with the physical colour measurements were similar for rictal flanges and 322 body skin. Experimental treatment with cyproheptadine affected the relationship 323 between UV-chroma of rictal flanges and nestling body mass (interaction term: F 1,92 = 324 5.59, P = 0.020). We found a negative relationship for the experimental (r = -0.33, P = 325 0.021), but not for the control nestlings (r = 0.11, P = 0.44). Regarding Yellow-chroma 326 of rictal flanges, we found a positive relationship with the body mass in experimental 327 nestlings (r = 0.34, P = 0.016) but not in controls (r = 0.06, P = 0.71), but interaction 328 term did not reach statistical significance (interaction term: F 1,92 = 2.87, P = 0.09). 329
Concerning the body skin colouration, experimental treatment also affected the 330 relationship between UV-chroma and nestling body mass (interaction term: F 1,92 = 6.06, 331 P = 0.016). In this case, we found UV-chroma of body skin were positively associated 332 with body mass for control nestlings (r = 0.55, P < 0.001) but this was not the case for 333 experimental nestlings (r = 0.12, P = 0.41). In addition, the relationship between 334
Yellow-chroma and body mass was also affected by our experimental treatment 335 (interaction term: F 1,92 = 6.03, P = 0.016, experimental nestlings: r = 0.27, P = 0.06; 336 control nestlings: r = -0.21, P = 0.13). On the other hand, we found also some 337 significant relationships between the gape coloration and body mass not reported when 39.63, P < 0.001) and UV-brightness (F = 16.67, P < 0.001); and negative relationship 340 for Yellow-chroma (F = 20.21, P < 0.001)), however, none of them differed between 341 experimental and control nestlings significantly (interaction terms: F 1,92 < 0.52, P > 342 0.47). results exploring the effect of the experiment on the relationship between begging-389 related trait colouration and body mass. For rictal flanges and body skin, we found that 390 the relationships between some colour components of these traits and body mass 391 differed between control and experimental nestlings (P2, Figure 1 ). Experimental lighter 392 nestlings showed flanges and body skin more conspicuous and more UV-coloured than 393 lighter control nestlings (Figure 3) . In other words, experimental nestlings, primarily 394 those with relatively poor body condition, showed an exaggerated level of hunger via 395 the colouration of flanges and body skin, which varied according to their condition. 396
We also observed a positive statistical association between body mass and 397 yellow-chroma in experimental nestlings for body skin and rictal flanges. These results 398 together with those for the UV-chroma (see above) suggest that the effect of our 399 experiment on the relationships might be mediated by change in concentration of 400 carotenoids. This is because carotenoid concentration in a given tissue is positively 401 Interaction: F1,92 = 1.41, P = 0.24 Interaction: F1,92 = 2.91, P = 0.09 Table 1. -Results from the analyses to test the effect of the experimental treatment with cyproheptadine and body mass on chromatic and achromatic conspicuousness (relative to nest background) of nestling traits. 
Chromatic contrasts Achromatic contrasts

